Tumors that arise in the retrorectal (presacral) space are uncommon lesions that present with nonspecific signs and symptoms, which lead to difficult diagnoses. For complete evaluation of the lesion, cross-sectional imaging is required to determine the extent of resection and the appropriate surgical approach. Surgical removal leads to favorable outcomes for patients with benign purely cystic retrorectal tumors. Preoperative tissue diagnosis with transperineal and transsacral biopsies of solid or heterogeneous cystic lesions, are essential to determine the necessity of neoadjuvant therapy, which may decrease local recurrence after surgery and avoid an unnecessary delay in systemic therapy.
The retrorectal (presacral) space is an area that can lodge a group of heterogeneous and rare tumors. These lesions range from benign cysts to complex malignant masses that can invade the surrounding pelvic structures. These tumors are often indolent and produce nonspecific signs and symptoms. Because of delayed diagnosis, the tumors can reach a substantial size and may involve other organs at the time of their diagnosis. In recent years, the advances in imaging modalities, understanding of tumor biology and adjuvant therapy, have improved the management of these tumors.
The incidence of retrorectal tumors in the general population is unknown. However, several retrospective series found that between one and six patients are diagnosed yearly in tertiary referral centers. [1] [2] [3] Uhlig and Johnson 4 demonstrated the incidence of two presacral tumors per year in a metropolitan population at a nontertiary referral center and Jao et al 5 found that retrorectal tumors accounted for 1 in 40,000 hospital admissions. Although infrequent, an understanding of the anatomy, presentation, ideal imaging modalities, and management of these lesions, will help the attending physician to avoid the significant morbidity and complications associated with incorrect diagnosis and inappropriate management. 1 
CLINICAL ANATOMY AND PHYSIOLOGY
The retrorectal space lies above the presacral fascia, between the upper two-thirds of the rectum and sacrum. This site contains totipotential cells, and is where fusion of the embryologic hindgut and the neuroectoderm occurs. A variety of tumors found in this space are extensions of tumors arising from adjacent tissues of both sympathetic and parasympathetic nervous systems ( Fig. 1 ). Injury to these vascular and neural structures may have profound effects on rectoanal physiology and cause substantial neurologic and musculoskeletal morbidity. Anorectal function can be maintained if all unilateral nerve roots are sacrificed, or if the upper three sacral nerve roots are left intact bilaterally. However, if the S3 nerve roots are sacrificed bilaterally, the external sphincter will not contract during dilation of the rectum, thus causing various degrees of incontinence. 9 If greater than half of the vertebral body of S1 remains intact after sacrectomy, pelvic stability will be maintained. However, if this area underwent radiation preoperatively, spinopelvic stability may require augmentation with fusion. 5, 8 Classification A variety of classifications systems have been proposed to categorize the diverse nature of presacral tumors. Uhlig and Johnson 4 first classified retrorectal tumors into broad categories: congenital, neurogenic, osseous, inflammatory, and miscellaneous. Dozois et al 8 modified Uhlig and Johnson's classification and subcategorized them into malignant and benign entities-the therapeutic approach is different for each (Table 1) .
CONGENITAL LESIONS
Congenital lesions are thought to arise from the remnants of embryonic tissue and can present as either cystic or solid lesions. Cystic congenital lesions include developmental cysts and anterior meningoceles. The solid congenital lesions consist of teratomas, sacrococcygeal chordomas, and adrenal rest tumors. Congenital lesions are the most common retrorectal tumors, accounting for nearly two-thirds of all tumors in the presacral space. They are usually benign and are more common in females. 4, 5, 10 
CYSTIC LESIONS

Developmental Cysts
Developmental cysts are the most common congenital lesions; they may arise from all three embryonic germ layers and are more common in women.
1 Developmental cysts can be further classified based on cell layer of origin and are divided into epidermoid, dermoid, duplication (enterogenous), and tail gut cysts.
EPIDERMOID CYSTS AND DERMOID CYSTS
Epidermoid and dermoid cysts are the direct result of closure failure of the ectodermal tube. Epidermoid cysts are composed of stratified squamous cells; they are typically benign unilocular lesions that do not contain skin appendages. Unlike epidermoid cysts, dermoid cysts have stratified squamous epithelium with skin appendages (sweat glands, hair follicles, sebaceous cysts). Both of the type of cysts may communicate with the skin and be associated with a postanal dimple or sinus. When misdiagnosed and managed as a perirectal abscesses, fistula in ano, or pilonidal disease, there is a secondary infection rate of 30%.
5,10,11
DUPLICATION CYSTS (ENTEROGENOUS)
Duplication cysts occur secondary to sequestration of embryogenesis of the developing hindgut. 12 Because they arise from endodermal tissue, they can be lined with squamous, cuboidal, columnar, or transitional epithelium. These tumors usually have a multilobular appearance with multiple satellite lesions and one dominant lesion. 8 Similar to epidermoid and dermoid cysts, they are more common in women and may become infected. Although generally benign, cases of malignant degeneration have been reported. 6 
TAIL GUT CYSTS (CYSTIC HARMATOMAS)
Tail gut cysts are multinodular, uncapsulated, and usually well-circumscribed cysts. They arise from a portion of the embryonic tail, which fails to regress. 13 These lesions resemble the intestinal tract with components of squamous, columnar, or transitional epithelium. Tail gut cysts can be differentiated from epidermoid, dermoid, and duplication cysts histologically. Epidermoid and dermoid cysts lack the presence of glandular or transitional epithelium; duplication cysts have a defined muscular wall with a myenteric plexuses. In general, these are benign lesions and although rare, malignant transformation has been reported. 4 Anterior Sacral Meningocele Anterior meningocele and myelomeningocele develop secondary to herniation of the dural sac through a defect in the anterior sacrum. This unilateral defect results in a sacrum that demonstrates a rounded concave border without bony destruction on plain radiograph. This is pathognomonic, and called the ''scimitar sign'' (Fig. 2) . This defect can occur in combination with presacral cysts or lipomeas and is associated with congenital abnormalities, which include urinary tract or anal malformations, uterine or vaginal duplication, spina bifida, and a tethered spinal cord. 8 A typical presenting symptom is a headache associated with defecation. This can be attributed to the compression-induced increase in cerebrospinal fluid (CSF) pressure due to the continuity between the dural sac and subdural space. 1, 5 Patients may also present with symptoms secondary to mass effect and include constipation, urinary symptoms, and lower back pain. 10, 14 Biopsy or aspiration are prohibited as this may result in life-threatening meningitis. 6, 15 Surgical management requires ligation of the dural defect. 8 
SOLID LESIONS
Teratomas
Teratomas are true neoplasms. They include all three germ layers; therefore, they include epithelium of the gastrointestinal tract, respiratory tract, and nervous system. These lesions can be solid or cystic and often contain both components. If germ cell components are present, teratomas have the potential to undergo malignant degeneration to squamous cell carcinoma or rhabdomyosarcoma; up to 10% will undergo degeneration if left untreated. 1 Teratomas are more common in female compared with male patients and are more frequently found in the pediatric population. In children, teratomas are associated with anomalies of the anorectum, urinary tract, and vertebrae. 16 In the adult population there is a risk of 40 to 50% malignant degeneration and which increases with incomplete resection. 17, 18 These lesions tend to adhere to the coccyx and surgical approach requires en bloc coccygectomy. 1 
Sacrococcygeal Chordomas
Chordomas arise from the notochord, which extends from the base of the occiput to the caudal limit of the embryo. Fuchs et al from the Mayo clinic reported 52 cases over 21 years, 2.5 cases per year. 19 They are the most common malignancy in the retrorectal space and may occur anywhere along the embryologic notochord with 30 to 50% occurring in the sacrococcygeal region. 20 They have a predisposition to males and presentation before the third decade of life is rare. These tumors are slow-growing invasive cancers and demonstrate bony destruction on imaging. They have a tendency to invade adjacent structures and metastasize to lung, liver, and bone in 20% of cases. 9, 21 These tumors often reach substantial size because of delayed diagnosis. 8 Patients may be asymptomatic, present with vague complaints including positional buttock, pelvic, or lower back pain; or they may present with specific symptoms secondary to invasion, including impotence and incontinence. 5 Local recurrence rates are high despite radical resection; the 10-year survival rate is only 9 to 35%. 10, 22, 23 Adrenal Rest Tumor These are extremely rare tumors and are treated as ectopic adrenal tumors (pheochromocytoma). 1, 13 NEUROGENIC TUMORS Neurogenic tumors represent 10% of retrorectal tumors and are the second most common presacral lesion after congenital lesions. They typically arise from peripheral nerves and 85% are benign. 6, 12 The benign lesions consist of neurofibromas, neurilemomas (schwannoma), and ganglioneuromas. The malignant neurogenic lesions include neuroblastoma, ganglioneuroblastoma, ependymoma, and malignant peripheral nerve sheath tumors (malignant schwannoma, neurofibrosarcoma, and neurogenic sarcoma). 8 Neurogenic tumors are slow-growing tumors and may cause nonspecific symptoms; hence, they may be of considerable size when diagnosed. If symptoms are present, pain distribution and neurologic dysfunction are related to the route of the affected nerve.
OSSEOUS TUMORS
Osseous tumors also represent 10% of retrorectal tumors. They can arise from bone, cartilage, fibrous tissue, and marrow. The benign presacral tumors include giant-cell tumor, osteoblastoma, and aneurysmal bone cyst. Malignant osseous lesions include osteogenic sarcoma, Ewing sarcoma, myeloma, and chondrosarcoma. Because of rapid growth, these tumors achieve a considerable size. If malignant, they are typically advanced and demonstrate osseous destruction or calcification of soft tissue on plain radiograph. Malignant osseous lesions have frequent lung metastases and have an overall poor prognosis. 1, 6, 8, 10 MISCELLANEOUS TUMORS Miscellaneous tumors account for 10 to 25% of all retrorectal tumors and include lipoma, fibroma, leiomyoma, hemangioma, endothelioma, desmoid (locally aggressive), liposarcoma, fibrosarcoma, malignant histiocytoma, leiomyosarcomas, hemangiopericytoma, metastatic adenocarcinoma, and inflammatory tumors. 8, 12 Inflammatory tumors should be considered secondary reactions to foreign substances such as barium and suture material, or represent an extension of infection from either the perirectal space or abdomen, i.e., pelvic sepsis, Crohn disease, and perforated diverticulitis. 21, 24, 25 
DIAGNOSIS AND MANAGEMENT
History and Physical Examination
The nature of retrorectal tumors is that of an indolent course. They are usually found incidentally while performing a pelvic or rectal examination. Most symptoms can be attributed to compression or invasion of pelvic viscera or nerves. 1, 7 Patients who present with symptoms may have a spectrum of complaints. They may be vague and complain of longstanding lower back pain, which may worsen with sitting and ameliorate with walking and standing. Patients who present with specific complaints of constipation, rectal and urinary incontinence, and sexual dysfunction will have a large tumor or one that has invaded the sacral root. 1 Patients may also complain of perineal discharge and they may have midline dimpling just posterior to the anus or the gluteal muscle. This may lead to misdiagnosis of a fistula or pilonidal disease. 1, 26 In general, pain is a presenting symptom for malignant retrorectal tumors and for those benign tumors that have had a secondary infection. 1 Rarely, retrorectal tumors may lead to obstructive labor in a pregnant patient and predispose her to life-threatening dystocia. Therefore, these tumors, even if asymptomatic, are removed from women of childbearing age. 27 A neurologic exam must be conducted to determine any neurologic deficiency and document preoperative function. A rectal examination is essential in ascertaining the proximal level of the lesion, extent of fixation, and relationship to other pelvic viscera. A digital rectal examination will demonstrate a smooth intact rectal mucosa and a posterior extrarectal mass that displaces the posterior rectal wall anteriorly. 7 A rigid or flexible sigmoidoscopy can be performed to ensure there is no transmural penetration of the tumor.
Overall, presenting symptoms of retrorectal tumors are nonspecific and the literature demonstrates a wide range of variability in physical findings. 10, 25, 28 If one maintains a high clinical acumen and is cognoscente of the range of symptoms associated with retrorectal tumors, a delay in diagnosis can be avoided. 1 
IMAGING
As technology has evolved, radiographic imaging has become more sophisticated and plain radiographs have been replaced by computed tomography (CT) scans and magnetic resonance imaging (MRI), as the imaging modalities of choice in diagnosing retrorectal tumors. Plain x-rays also elucidate bony destruction and/or calcification of soft tissue secondary to chordomas, sarcomas, and locally aggressive tumors such as giant cell tumor, aneurysmal bone cyst, and neurilemoma. 6, 8 Other imaging techniques that may assist in the diagnosis and management of retrorectal tumors include angiogram and venogram, endorectal ultrasound (ERUS), and fistulograms. An angiogram and venogram can be added to MRI (MR angiogram and venogram) to determine vascular anatomy and involvement if there is distortion secondary to mass effect by the tumor. ERUS has been used to evaluate whether the lesion is cystic or solid, and to evaluate rectal involvement. Fistulograms have been used in patients who present with a chronically draining sinus to evaluate for a possible developmental cyst. 8 Currently, CT used in conjunction with MRI is the gold standard in diagnosing retrorectal tumors. CT is used to demonstrate cortical bone destruction, the nature of the lesion-solid or cystic-and if the adjacent viscera is involved. The advanced capabilities associated with MRI to evaluate soft tissue and determine spatial relationship to other structures is extremely important in determining level and extent of resection (local vs en bloc) and surgical approach (anterior vs posterior vs combined). MRI is also more sensitive in spinal imaging and will demonstrate cord anomalies, thecal sac compression, marrow or nerve root involvement. 1, 20 In recent years, Zhang et al 29 have demonstrated the possible utility of carbon-11 methionine-based positron emission tomography (MET PET) in evaluating the response of sacral chordomas that have undergone experimental carbon ion radiotherapy (CIRT). In comparison to 18 F-flurodeoxyglucose (FDG), L-methionine (MET) plays a central role in the altered metabolism of cancer cells and uptake signifies cancer cell proliferation reflecting transmethylation rate and protein synthesis of malignant tissues. 29 Unlike classic FDG-PET, MET-PET will not undergo uptake into inflammatory cells such as macrophages, neutrophils, or fibroblasts and will exclude any radiation-induced inflammation on imaging. 29 
PREOPERATIVE BIOPSY
Historically, the role of preoperative biopsy for retrorectal tumors has been controversial. 5, 24, [30] [31] [32] Over the past 25 years, different biopsy approaches have been advocated for needle aspiration of pelvic lesions under CT guidance. [33] [34] [35] [36] Gupta et al 37 reviewed the normal pelvic anatomy as it relates to percutaneous needle biopsy of deep pelvic lesions, and described various approaches to CT-guided pelvic biopsy, including the transsacral approach and its potential complications. Yarram et al 38 reviewed 111 biopsies of pelvic masses using sonography or CT-guided biopsy over a 6-year period. Twenty-seven of these lesions were either presacral or perirectal in origin. Overall, the rate of accuracy, sensitivity, and specificity for CT-guided core needle biopsy of pelvic and presacral tumors for this study was 90%, 84.6%, and 100%, respectively. Bergh et al 22 were able to diagnose preoperatively 30 presacral chordomas using fine-needle aspiration (FNA), core needle biopsy, or incisional biopsy. Syed et al 39 at John Hopkins Hospital reviewed the hospital's cytopathologic files, imaging, and medical records over a 20-year period. Ninety-one cases of sacral/presacral FNA were identified with primary malignancies representing 14% of all lesions; chordomas were the most frequently found lesions (4%). The overall rate of accuracy, sensitivity, and specificity of FNA from this study was 96%, 95%, and 100%, respectively. 39 With the advances in imaging modalities (CT and MRI) and improved knowledge of tumor biology and neoadjuvant therapy, preoperative biopsy has become a feasible technique. As advocated by Dozois et al, 8 preoperative tissue diagnosis is essential for the management of solid and heterogeneously cystic tumors. Purely cystic lesions should rarely undergo biopsy; they are usually benign and there is a risk of secondary infection. 8 When indicated, preoperative biopsy results will affect the management algorithm of the patient. For example, Ewing sarcoma, osteogenic sarcoma, neurofibrosarcomas, and desmoid tumors benefit from neoadjuvant therapy. In conjunction with directing management, a preoperative biopsy also assists in determining prognostic characteristics of the tumor. 22 Dozois et al 8 recommends the following general rules when performing biopsies on retrorectal tumors:
1. Prior to performing a biopsy, coagulation studies must be performed as a hematoma may contaminate the involved areas. 2. The ideal approach is transperineal or parasacral because this usually is within the field of the future surgical resection. 3. The biopsy should be performed by a radiologist experienced in the diagnosis and management of pelvic tumors. 4 . The surgeon and radiologist should discuss the biopsy's approach-the needle tract must be removed en bloc with the specimen. 5. Transperitoneal, transretroperitoneal, transvaginal, and transrectal biopsies are to be avoided-the tract of the biopsy must be removed en bloc. Biopsies performed transrectally or transvaginally may also lead to infection (infected meningoceles causing meningitis or death), a more difficult complete excision, or increase the probability of postoperative complications and recurrence.
ADVANCES IN NEOADJUVANT AND PREOPERATIVE THERAPY
Neoadjuvant chemotherapy is essential to the treatment of some retrorectal tumors such as Ewing sarcoma and osteogenic sarcoma. Recent advances in chemotherapy have demonstrated that imatinib, a tyrosine kinase inhibitor, promotes progression-free survival in patients with advanced chordomas. Patients with locally recurrent and metastatic chordoma respond well to chemotherapeutic agents such as cetuximab and gefitinab. [40] [41] [42] Transcatheter arterial embolization (TAE) of tumors including chordomas has been performed as an adjunct to successful resection. TAE can significantly decrease intraoperative blood loss, make the surgical field clear, possibly eliminate the need for using an anterior approach, and facilitate the maximal removal of the sacral chordoma. It is an encouraging technique for excising sacral chordomas. 43, 44 The role of radiotherapy is not entirely defined for the management of retrorectal tumors: Tumors such as chordoma have been considered to be ''radioresistant'' to standard-dose radiation therapy. Radiation modalities, such as fractionated irradiation with charged particle carbon ion radiotherapy (CIRT), have been utilized in trials in Japan and encouraging results have been reported with respect to local control of sacral chordomas. 29 Zhang et al 29 utilized MET-PET to image patients with a chordomas who had undergone CIRT. Ten of the 15 patients presented with primary sacral chordomas without distant metastases; the range of tumor size was 7 to 15 cm. CIRT was offered as the lesions were deemed unresectable and the patients were either medically unfit or declined surgery. CIRT demonstrated a decrease in metabolic activity of the chordoma on MET-PET and local control rates were in excess of 73% at 3 years contrasting with the 35% control rate reported with conventional radiation. 29 Advances such as this demonstrate the positive role that radiotherapy may eventually contribute to certain types of retrorectal tumors in the neoadjuvant setting. Potential benefits include (1) a decrease in the size of large radiosensitive tumors, thus potentially sparing vital structures that would otherwise require extirpation with wide margins; and (2) direct radiation at a smaller field, thereby decreasing patient morbidity.
THE MULTIDISCIPLINARY APPROACH AND PREOPERATIVE PREPARATION
The availability of modern neoadjuvant protocols has made the multidisciplinary approach to complex malignancies essential to their management. With the combination of preoperative imaging, biopsy (when indicated), and the continued advances in adjuvant therapy, the importance of a multidisciplinary approach to retrorectal tumors must be reemphasized as of maximum benefit to the patient. This experienced team may consist of colon and rectal, spine, vascular, plastic, orthopedic and urologic surgeons; radiologists; anesthetists; and medical and radiation oncologists. Woodbridge et al 21 and Dozois et al 8 have both discussed the importance of this approach, which was first described by the Mayo clinic team of surgeons in 1953. 8, 45 To promote surgical success, the following should be considered preoperatively:
1. If neoadjuvant therapy is to be administered, patients should have repeat imaging for restaging and to determine the adequate margins of resection. 2. The patient's nutritional status should be assessed and supplemented with total parenteral nutrition (TPN) or enteral nutrition when indicated. 3. An inferior vena cava filter should be placed. 4. When positioning the patient, ensure that nerves and soft tissue are adequately protected from pressure injury.
5. For patients with a large tumor or who have received neoadjuvant radiation, the placement of temporary ureteral catheters should be considered. 6. The anesthesia team should be well equipped to handle massive transfusion requirements.
12,21
SURGICAL MANAGEMENT
The appropriate surgical approach for retrorectal tumors is ascertained by appropriate imaging (CT and MRI), which demonstrate the location, nature, and size of the lesion as well as the involvement of adjacent viscera, sacrum, or pelvic sidewalls. 21 The extent of surgery is determined by the character of the tumor: Benign retrorectal tumors require complete gross resection, whereas malignant tumors will require radical resection, including en bloc resection of adjacent organs if involved. Incomplete removal will increase local recurrence and decrease survival if the tumor is malignant. The common approaches for resection of retrorectal tumors are the anterior (transabdominal), the combined abdominoperineal, and the posterior (perineal) approaches. Generally, tumors above the level of S3 will require an anterior or combined approach; small lesions below the level of S3 may be removed utilizing the posterior approach (Fig. 3) . 8 Anterior Approach (Transabdominal) The anterior approach is performed when the lowest portion of the lesion is above the level of S4. To proceed with this approach, preoperative imaging must confirm that the sacrum is not involved. Traditionally, these lesions have been approached through a laparotomy; however, advanced laparoscopic technique has demonstrated a safe and efficacious alternative. For both techniques, the mesorectum should first be dissected off the anterior portion of the lesion, then the lesion must be separated from the presacral fascia. Prior to the removal Figure 3 Proposed surgical approach based on tumor level. From Dozois et al. 8 Reprinted with permission of the American Society of Colon and Rectal Surgery.
of the tumor, the arterial supply to the lesion must be identified and ligated, as the arterial supply can be the middle sacral artery. 7, [46] [47] [48] To date, robotic technology has not been used in an anterior approach for presacral tumors.
Combined Approach (Abdominoperineal)
A combined approach is reserved for those lesions that are above the S3 vertebrae. 5, 49 Various techniques for positioning have been described for this approach. 50 The most common positioning for this approach is to facilitate a two-team approach; this is commonly referred to as a ''sloppy lateral position'' (Fig. 4A) . A lower midline celiotomy is performed, and the peritoneal cavity is examined for peritoneal implants or metastatic disease for malignant disease. The sigmoid colon is then mobilized, the ureters are identified and protected. The retrorectal space is then entered below the sacral promontory and the mesorectum is dissected from the presacral fascia to the upper level of the tumor. If possible, the anterior portion of tumor should then be dissected free from the mesorectum (Fig. 4B) . Once complete, the posterior component of the tumor is separated from the presacral fascia. Even if the lesion is malignant, a discernable plane between the capsule of the tumor and mesorectum will allow preservation of the rectum. If this cannot be accomplished secondary to the size of the tumor or distortion of the rectum, it is obligatory to remove the rectum en bloc with the specimen, including involved sacrum or nerve roots. 8 To preserve fecal and urinary continence, at least one S3 nerve root requires preservation. If it is not feasible to preserve S3 unilaterally, a colostomy should be created. If en bloc resection is necessary, transection of the rectosigmoid junction is performed with a stapling device at the level of the sacral promontory. The anterior rectal wall is then separated from the posterior wall of the vagina in women and seminal vesicles and prostate in men; dissection is performed to the level of the levators. If en bloc resection of the rectum is to be performed, dissection of the anus and anal canal is completed during the posterior portion of the operation. 8 If the lesion is benign or considered to have a low recurrence risk, an end-to-end anastomosis can be performed with or without a protecting loop ileostomy. 12 If an extended resection is to be completed or if the pelvis has undergone preoperative radiation, a well-vascularized transabdominal myocutaneous rectus (TRAM) flap (preferably the right if contemplating end colostomy) can be utilized to close the perineum. If a flap is to be used, a thick silastic mesh should be placed posterior to vital structures for protection when performing the sacrectomy. 8 During the abdominal portion of the surgery, significant blood loss can occur as a result of large complex retrosacral tumors, prior radiation, or sacrectomy. Blood loss may be minimized by ligating the middle and lateral sacral vessels and both internal iliac artery and veins. Perineal necrosis can be avoided if the inferior gluteal artery is maintained by avoiding ligation of the anterior division of the internal iliac artery. 8 After closing the abdomen and maturation of the colostomy, the patient is placed in a prone position (Fig. 4C) . An incision is then made over the sacrum and coccyx to the level of the anus, avoiding injury to the external sphincter. The anococcygeal ligament is then divided and the levators are retracted laterally. Dissection of the tumor from the mesorectum and possible rectal resection would have been completed during the abdominal portion of the surgery. The gluteus maximus muscles are then separated bilaterally and the sacrospinous, sacrotuberous ligaments, and piriformis muscles are transected bilaterally to expose the sciatic nerve (Fig. 5A) . Posterior laminectomy may be needed to expose nerve roots and/or the thecal sac, which may require ligation and allow en bloc resection with the lower sacrum, coccyx, and involved nerve roots (Figs. 5B, C) . If the sacral nerves are resected, dural tears must be recognized and repaired to avoid a cerebrospinal fluid leak or infection. If the rectum was removed en bloc with the specimen, the anus and anal canal are removed with the rectum at this time. Suction drains are placed and the perineal incision is closed in layers; if required, a myocutaneous flap is sewn into place. Reprinted with permission of the American Society of Colon and Rectal Surgery.
RETRORECTAL TUMORS/NEALE
Posterior Approach (Perineal) The posterior approach is ideal for retrorectal tumors that do not extend above the level of S3. The patient is placed in a prone jack-knife position, the buttocks are taped apart (Fig. 6A) . A midline incision is performed on the lower sacrum to the level of anoderm, ensuring preservation of the external sphincter (Fig. 6B) . The anococcygeal ligament is identified and transected to expose tumor and facilitate dissection of the plane between the lesion and the mesorectum. To provide sufficient exposure for dissection the coccyx can be transected, the gluteal muscle may be detached, and sacrectomy of S4-S5 can be performed. 49 Once adequate exposure is obtained, the tumor can be separated from the rectum. There is usually a identifiable fat plane between the mesorectum and retrorectal lesion if the lesion is benign. 12 If lesions are very small or cystic, the surgeon may double-glove his nondominant hand, place his index finger in the anal canal and lower rectum and express the lesion into the wound by applying forward pressure with his index finger (Fig. 6C) . This maneuver prevents iatrogenic injury to the rectal wall during the dissection. If the lesion is adherent to the rectum and cannot be safely dissected, a portion of the rectal wall can be excised with the lesion. The defect is then repaired in two layers. 1, 12 OUTCOMES Overall survival for benign tumors is 100%. Recurrence rates vary and are dependent on extent and Figure 6 Posterior approach. (A) Positioning, (B) coccygectomy, and (C) the index finger applying pressure within the anal canal, exposing the lesion and facilitating dissection. From Dozois et al. 8 Reprinted with permission of the American Society of Colon and Rectal Surgery.
completeness of resection with incomplete resection being predisposed to higher recurrence rates.
1 After a median follow-up of 22 months, Glasgow et al 25 reported a 0% recurrence rate. Lev-Chelouche et al 24 reported the complete excision of 21 benign tumors, with no local recurrence at 10-year follow-up. Finally, Buchs et al 28 reported that of the 16 patients that underwent complete resection, one patient had local recurrence at 5-year follow-up.
Survival and recurrence rates after surgical resection for malignant lesions are based on tumor biology in conjunction with adequate resection margins, and whether the tumor has been violated during the resection. The risk of local recurrence after a poor oncologic resection approaches 70% with decreased long-term survival prospects. 51 Kaiser et el 52 discovered that if the tumor was violated perioperatively the local recurrence rate increased from 28% to 64%. Glasgow et al 25 demonstrated a disease recurrence of all seven patients who underwent an acceptable resection for malignant disease. The median survival for this patient group was 61 months. The literature on malignant retrorectal tumors reports a poor prognosis. Wang et al 53 reported their series of 22 patients with malignant retrorectal tumors that included five chordomas and seven leiomyosarcomas. No preoperative biopsy was obtained and no neoadjuvant therapy was attempted. Postoperative chemotherapy and radiotherapy was used on selected patients. The 5-year survival rate was 41%. Lev-Chelouche et al 30 reported 21 cases of malignant retrorectal tumors that included nine chordomas. They achieved an 80% complete resection rate in 12 retrorectal malignancies, excluding chordomas. The local recurrence rate for these malignancies was 67%, with a 50% survival rate. Chordomas in this series had a complete resection rate of 66%, a local recurrence rate of 44%, and a survival rate of 89%. No preoperative biopsy was performed; the majority of recurrences occurred in patients with incomplete resection. Bergh et al 22 observed a local recurrence rate of 44% and a 10-year survival rate of 84% in their series on chordomas. Jao et al 5 reported a 5-year survival rate of 80% , a 10-year survival rate of 50% after resection, and a 5-year survival rate for malignant retrorectal tumors other than chordomas of 17%. The authors attributed the low 5-year survival rate to poor quality of adjuvant therapy at that time. 8 The literature from the past 50 years demonstrates that the 10-year survival rate for the most common retrorectal tumor (chordoma) after surgical resection ranges from 15 to 84% at single institutions. 5, 22 McMaster et al 20 evaluated the 5-and 10-year survival rate of 400 chordomas at nine registries within the National Cancer Institute's Surveillance, Epidemiology and End Result program (NSEER) from 1973-1995. The 5-year and 10-year survival rates for sacral chordomas were 74% and 32%, respectively. This study likely portrays the incidence and long-term survival of these lesions in the general population.
CONCLUSION
Tumors that arise in the retrorectal (presacral) space are uncommon lesions that present with nonspecific signs and symptoms, which lead to difficulty in diagnoses. A high clinical suspicion is required for diagnosis. Crosssectional imaging is mandatory for evaluation of retrorectal tumors, and it assists in planning the correct surgical approach by determining the extent of the tumor and nature of the lesion-solid or cystic. Preoperative tissue diagnosis with image-guided biopsy is essential for the management of solid and heterogeneously cystic tumors. Purely cystic lesions should not be biopsied unless there is a high suspicion of malignancy. Finally, these tumors must be managed with a multidisciplinary approach to maximize successful treatment in this patient population.
